Aims/hypothesis To assist in the development of preventive strategies, we studied whether the neighbourhood environment or modifiable behavioural parameters, including cardiorespiratory fitness (CRF) and physical activity (PA), are independently associated with obesity and metabolic risk markers in children. Methods We carried out a cross-sectional analysis of 502 randomly selected first and fifth grade urban and rural Swiss schoolchildren with regard to CRF, PA and the neighbourhood (rural vs urban) environment. Outcome measures included BMI, sum of four skinfold thicknesses, homeostasis model assessment of insulin resistance (HOMA-IR) and a standardised clustered metabolic risk score. Results CRF and PA (especially total PA, but also the time spent engaged in light and in moderate and vigorous intensity PA) were inversely associated with measures of obesity, HOMA-IR and the metabolic risk score, independently of each other, and of sociodemographic and nutritional parameters, media use, sleep duration, BMI and the neighbourhood environment (all p<0.05). Children living in a rural environment were more physically active and had higher CRF values and reduced HOMA-IR and metabolic risk scores compared with children living in an urban environment (all p<0.05). These differences in cardiovascular risk factors persisted after adjustment for CRF, total PA and BMI. Conclusions/interpretation Reduced CRF, low PA and an urban environment are independently associated with an increase in metabolic risk markers in children. 
Introduction
Childhood obesity has substantially increased over the last decades and is strongly associated with increases in cardiovascular risk factors such as high blood pressure, dylipidaemia and insulin resistance [1] . Childhood levels of various cardiovascular risk factors can predict adult values [2] and the extent of the atherosclerotic process, independently of the current risk [3] . The causes of childhood obesity and increased cardiovascular risk are multifactorial and include genetic predisposition, intrauterine factors, the early postpartal period and cultural, socioeconomic and environmental variables, as well as current modifiable behavioural parameters [4] . Examples of the latter are changes in nutritional behaviour [5, 6] , decreased sleep duration [4] and an increase in sedentary behaviour [7] . Also included in this list are a decrease in physical activity (PA) or reduced cardiorespiratory fitness (CRF) [8, 9] , which although partially genetically determined is also influenced by a lack of appropriate exercise [10] .
In healthy children, the relationship of CRF or PA with cardiovascular risk factors is not only mediated by obesity [8, [11] [12] [13] [14] . As in obesity, reduced levels of CRF and PA in adults are both associated with increased risks of cardiovascular and total mortality [15, 16] .
Unfortunately, many studies that have aimed to prevent an increase in obesity or cardiovascular risk in children, on a school-or family-based level, have only yielded modest success [17] . Thus, it remains controversial as to which of the potential underlying variables should be targeted and how they could be efficiently modified. For example, exclusively targeting behaviour within the school and/or family might be too limited an approach to effect significant and sustained changes [17] . Based on reports that the neighbourhood environment is associated with PA, some authors have postulated that the neighbourhood environment plays a significant role in determining lifestyle behaviour and cardiovascular risk [18] [19] [20] [21] .
The objective of this study was to examine a populationbased sample of children for associations of CRF and measures of PA with obesity and cardiovascular risk factors that were independent of sociodemographic and other behavioural lifestyle parameters. We also investigated whether the neighborhood environment had an independent effect on CRF, PA or metabolic risk markers.
Methods
Participants and study design We present baseline data from the Kinder-Sportstudie (KISS) study, a randomised controlled trial investigating the effects of a PA intervention in schoolchildren on PA, CRF and obesity. The aim, design and assessment of the predictor and outcome variables have been previously described in detail [22] . Briefly, 15 schools with a total of 28 classes were randomly selected from two provinces in Switzerland after stratification by the type of neighbourhood environment (urban vs rural), grade (first and fifth grade) and ethnicity to be representative of Swiss children with respect to sociodemographic status and BMI (Table 1) . Parental ethnic background was divided into three categories: both parents Swiss or of Central European origin, one parent from a foreign ethnic background (16%) or both parents from a foreign ethnic background (27%). Of those classified as being from a foreign ethnic background, 38% were from the former Yugoslavia, 26% from Italy or Spain, 10% from Sri Lanka, 8% from Turkey, and the remainder were from the Middle East, Asia or South America.
The present cross-sectional study was performed in late summer/early autumn of 2005. Of 535 children, 502 (94%) agreed to participate and attended the examination days. Of these, CRF data were available for 502 (100%), anthropometry for 497 (99%), socioeconomic data for 480 (96%), data regarding sedentary behaviour for 489 (97%), selfreported nutritional information for 437 (87%), valid accelerometer data for 391 (78%) and valid blood analyses for 367 (73%). BMI and mean blood pressure were not different between the children with and without valid accelerometer data or with and without valid blood analyses (all p >0.1). Informed consent for completion of the questionnaires and for all measurements was provided by each child and a parent. The study was approved by the ethics committees of the University of Basel and the ETH of Zürich (Eidgenössische Technische Hochschule Zürich, also known as the Swiss Federal Institute of Technology), as well as by the Cantonal Ethical Committee of Aargau, Switzerland.
Measurements Standing height, body weight, blood pressure, waist circumference and skinfold thicknesses at four sites were measured as previously described [22] . BMI, skinfold thickness (sum of the four skinfold thicknesses), and waist circumference were used as measures of obesity. Waist circumference and skinfold thicknesses were measured by the same two investigators (S. Kriemler, J. J. Puder) for all children.
Assays Overnight fasting blood samples were drawn in the morning, from the antecubital vein, for measurement of glucose, insulin and lipids. The blood was collected in vacutainers, which were immediately put on ice and immediately transported to a single hospital, where it was analysed within a few hours after sampling [22] . The CVs and characteristics of these assays have been reported previously [22] .
PA and CRF PA was assessed by accelerometers (MTI/CSA 7164 Actigraph; Pensacola, FL, USA), which were worn around the hip over 7 days [22] . The sampling time was set at 1 min, and data were included if at least four full days (at least 3 weekdays for 12 h and one weekend day for 10 h) of measurements were available [23] . Fifty per cent of the children wore the accelerometers constantly for the required time period. For these children, waking time was defined as three consecutive values of above 20 cpm with a sum of above 200 cpm. This was tested prior to the start of the study. The other 50% of the children removed the accelerometers before sleeping. The children wore the accelerometers for a mean of 13.4 h/day during waking hours. Validation studies of the Actigraph in children, based on direct observation, spiroergometry and energy expenditure measured by doubly labelled water, have found the accelerometer to be accurate [23] [24] [25] [26] . Total PA was calculated by multiplying the mean number of weekday counts by five and the mean number of weekend counts by 2 and dividing the sum by 7. This value was then divided by the amount of time the accelerometer was worn and expressed as counts per minute (cpm). The time (min) spent engaged in sedentary activity (<500 cpm), in light PA (501-2,000 cpm) and in moderate and vigorous PA (>2,000 cpm) was calculated [11, 13] . The threshold for the latter was based on its postulated cardiovascular effects, and is equivalent to walking at a speed of about 4 km/h [11] .
CRF was assessed by an adapted 20 m shuttle run test [27, 28] . This validated test measures aerobic capacity and requires the participant to run back and forth over a distance of 20 m with progressively increasing speed. The initial pace was 8.0 km/h and was increased by 0.5 km/h every minute. Each increase was indicated by a sound [27, 28] . The stage numbers (∼1 min) are reported with a precision of within 0.5 stages [22] .
Questionnaires The parents of all the children were asked about their ethnic background, their educational level, their own height and weight, gestational age at birth and the birthweight of their child. Pubertal stage was rated by the children and parents with the help of a sheet showing the pictures of the five Tanner stages and was defined based on breast development for girls and pubic hair for boys [29] . As only one girl reported to be in Tanner stage 5 and a precise classification of the specific Tanner stage beyond stage 1 is difficult by self report, we divided our population into the following two groups of pubertal stage: prepubertal (Tanner stage 1) and pubertal (Tanner stage≥2). Participants reported media use, including the frequency and length of time spent in front of the television, computers or electronic games. The total sleep duration (hours/night) was also assessed by self report. Nutritional behaviour was assessed by an abbreviated and modified form of the Coronary Artery Risk Development in Young Adults (CARDIA) food frequency questionnaire [22, 30] , adapted to assess Swiss nutrition patterns. In addition, parents were asked how frequently their children ate breakfast and how frequently their children ate in fast food restaurants. We assessed the frequency of servings of different foods per week. From these food groups, three subscales were derived using factor analysis with subsequent varimax rotation.
Insulin resistance and clustered metabolic risk score Insulin resistance was estimated by the homeostasis model assessment of insulin resistance (HOMA-IR) [31] . We used a standardised clustered metabolic risk score that included the following continuous variables: hypertension (average of systolic and diastolic blood pressure), fasting insulin, glucose, triacylglycerol, and inverted fasting HDL-cholesterol [13, 14] . We determined single z scores for each variable and then added them together to derive a clustered metabolic risk score [13, 14] . As suggested in the literature [13, 14] , we calculated the clustered metabolic risk score without the adiposity component to be able to adjust for adiposity as a covariate in our linear regression models.
Statistics Data are summarised as means±SD for normally distributed variables and as medians and interquartile ranges for skewed variables, unless stated differently. Variables with a skewed distribution were logarithmically transformed (log e ) for all analyses. Differences between age groups and sexes were tested by ANOVA or by χ 2 tests, as appropriate. Using linear regression we assessed which obesity measure was most strongly associated with insulin resistance and the clustered metabolic risk score. Associations between measures of PA, CRF and cardiovascular risk factors were assessed using multiple linear regression models, adjusting for the following sociodemographic, peripartal and behavioural lifestyle parameters: age, sex, pubertal status, birthweight adjusted for gestational age [32] , parental weight, ethnicity and educational level, nutritional behaviour (subscales from the food frequency questionnaire, regular consumption of breakfast, frequency of visits to fast food restaurants), media use (hours per day), and sleep duration (hours per night). For instances of statistical significance, we included other potential confounders, i.e. CRF, total PA and BMI (not done if these measures were outcome variables). The effect of the neighbourhood environment (i.e. rural vs urban) on CRF, total PA and cardiovascular risk factors was assessed using linear regression analysis while adjusting for the above-mentioned confounding variables.
We tested whether associations were modified by age, pubertal status or sex. Furthermore, we assessed whether effects of sex were modified by age and/or pubertal status. This was done using appropriate interaction terms. Interactions are only mentioned for cases of statistical significance, which was defined as a p value <0.05. Analyses were performed using SPSS version 14.0 (SPSS, Chicago, IL, USA) and Intercooled STATA version 9 (STATA, College Station, TX, USA).
Results
The baseline characteristics of all the participants are shown in Table 1 . There were no differences between boys and girls with respect to BMI and most of the cardiovascular parameters. Measures of CRF, PA and media use were higher among the boys.
Of the obesity measures studied, BMI was most strongly related to cardiovascular risk factors and was therefore chosen as the indicator of obesity for further analyses. In a model that included age, sex and pubertal stage, BMI explained 35% of the variance in HOMA-IR and 30% of the variance in the metabolic risk score and remained significant after adjusting for the sum of four skinfold thicknesses (explaining 33% and 29% of the respective variances) or waist circumference (explaining 30% and 28% of the respective variance; all p≤0.003).
The correlations between CRF and measures of PA were weak and found to be strongest for total or moderate and vigorous PA (r =0.11 and r = 0.14, respectively, after adjustment for age, sex and pubertal status; both p<0.001).
Associations of CRF and PA with cardiovascular risk factors CRF, total PA and time spent in moderate and vigorous PA showed significant inverse associations with measures of obesity and with HOMA-IR and the metabolic risk score (Table 2) . These associations were independent of sociodemographic and other behavioural lifestyle parameters (nutritional behaviour, media use, sleep duration). Specifically, an increase in CRF of one stage in the shuttle run test (equal to 1 min), was associated with an 8% reduction in the sum of four skinfold thicknesses and a 6% reduction in HOMA-IR. Sedentary activity was positively associated with the metabolic risk score, whereas light PA was inversely associated with this score. All these relationships persisted after further adjustment for BMI (data not shown).
The associations of CRF with measures of obesity and cardiovascular risk factors were independent of total PA (BMI: β=−0.02, 95% CI −0.03 to −0.01, p<0.001; sum of four skinfold thicknesses: β=−0.09, 95% CI −0.11 to −0.07, p<0.001; HOMA-IR: β=−0.07, 95% CI −0.10 to −0.03, p<0.01; metabolic risk score: β=-0.05, 95% CI −0.08 to −0.01, p<0.05). Similarly, the associations of total PA and sedentary activity with the sum of four skinfold thicknesses persisted after adjusting for CRF (β=-0.02, 95% CI −0.04 to −0.003, p<0.05; β=0.008, 95% CI 0.003 to 0.01, p<0.01, respectively), as did those of total PA, light PA and sedentary PA with the metabolic risk score (β=−0.09, 95% CI −0.11 to −0.07, p<0.001; β=-0.09, 95% CI −0.11 to −0.07, p<0.001; β=-0.09, 95% CI −0.11 to −0.07, p<0.001, respectively). The few interactions of the exposure variables with age are shown in Table 2 .
CRF, PA, cardiovascular risk factors and the neighbourhood environment Approximately half of the study population (n=245) were living in a rural environment. CRF and total PA were higher in children living in a rural environment as compared with children living in an urban environment, independent of sociodemographic and behavioural lifestyle confounder variables (Table 3) . Children living in a rural area spent 14 more minutes per day engaged in light PA and eight more minutes per day doing moderate and vigorous PA, while there was no difference between the two groups with respect to the time spent on sedentary activities. CRF was 0.5 stages higher in the children living in a rural area, which corresponded to a 12% difference among those in the first grade and a 7% difference among those in the fifth grade. Adjusting for BMI did not change the relationship between the neighbourhood environment and CRF or total PA (data not shown).
BMI and skinfold thickness did not differ between the two groups (p=NS), but the rural group had much lower values for cardiovascular risk factors (Table 3 ). These risk differences remained unchanged after further adjustment for CRF, total PA and BMI (HOMA-IR: β=−0.35, 95% CI −0.51 to −0.18, p<0.001; metabolic risk score: β=−0.39, 95% CI −0.59 to −0.20, p<0.001).
There was no indication of confounding or modification of the effect of CRF or PA on cardiovascular risk factors or obesity by the neighbourhood environment (data not shown).
Discussion
In this paper we show that reduced CRF and PA were independently and separately associated with obesity, insulin resistance and the metabolic risk score in randomly selected healthy urban and rural schoolchildren. Living in an urban area was associated with lower PA, reduced CRF and with an increase in insulin resistance and the metabolic risk score. This observed increase in cardiovascular risk markers persisted after adjustment for CRF, measured PA and BMI.
In our cohort, the relationship between CRF and measures of PA with obesity and cardiovascular risk factors persisted after adjustment for other relevant lifestyle parameters, such as media use [7, 14] ; nutritional variables such as not consuming breakfast, frequency of visits to fast food restaurants and general nutritional behaviour (food frequency) [5, 33] ; and sleep duration [4] . This observation underlines the independent effects of PA and CRF on metabolic risk factors. In accordance with other recent observations, these effects also persisted after adjustment for BMI [8, [11] [12] [13] [14] . This implies that, even in healthy children, CRF and PA can have an effect on cardiovascular risk factors that goes beyond reducing obesity.
Measures of obesity and cardiovascular risk factors were positively associated with sedentary activity and inversely associated with CRF, total PA and time spent engaged in moderate and vigorous PA as well time spent doing light PA. This suggests that even light PA or less sedentary activity might be beneficial for decreasing cardiovascular risk. The associations between CRF and measures of PA were weak, but similar to those reported previously by other authors [13] . The effects of CRF and total PA on metabolic risk were not independent of each other in a study on 9-to 10-year-old Danish children [34] , but were completely independent of each other in a large European study with a population consisting of 9-and 15-year-old children [13] . This observation led to the notion that CRF and PA influence metabolic risk through different pathways or that CRF is a marker of specific muscle characteristics [13] . In our population we replicated the findings of the latter European study. We therefore assume that PA has an independent beneficial effect, regardless of whether CRF is increased. This is of substantial importance for interventions in public health, as it may be easier to implement an increase in total or light PA or a decrease in sedentary activity than to increase CRF.
Some recent studies have highlighted the relationship between the neighbourhood environment and PA in children [18] [19] [20] [21] . The PA levels of young children and adolescents were associated with the amount of green space and parks and with the general impression of 'activityfriendliness' in the neighbourhood [18] [19] [20] . However, these studies either examined small study populations or did not use objective measures of PA. The novel findings of our study are that children living in an urban environment were less physically active (as assessed by accelerometers), had lower values of CRF and higher values for cardiovascular risk factors compared with children living in rural areas. This association was not explained by sociodemographic variables, other lifestyle behavioural parameters, or the children's BMI. Intriguingly, the increases in insulin resistance and the metabolic risk score remained unchanged after adjustment for the observed differences in PA or CRF. This could be related to a bias introduced by the high intraindividual variability of PA or the inability of accelerometers to capture certain activities, such as cycling, that might be more prevalent in rural areas. Yet, this explanation is less convincing for CRF. Although we adjusted for various potential confounding factors, we may not have accounted for all of them. It is, nevertheless, reassuring that we obtained the same findings in several more homogeneous subpopulations, e.g. in prepubertal children or in children of Swiss origin (results not shown). Other potential explanations are that the urban children were more frequently exposed to ambient air pollution including fine particles. This may have led to systemic increases in inflammatory mediators [35, 36] and, in turn, to an increase in insulin resistance and the metabolic risk score. However, as our results are new and raise several new research questions, they should first be replicated in a further study focusing on the different aspects of the neighbourhood environment. The present study is subject to some limitations. Owing to its cross-sectional design, we cannot infer that our observed associations reflect causal relationships. Moreover, our study is observational. Yet, it is difficult to assess the influence of the neighborhood environment in a randomised controlled study. Another limitation is related to the measures of PA and CRF. We objectively measured PA for 1 week in most of the children. Although the majority of other studies have assessed PA over a shorter period of 3-4 days [11, 14, 34] , 1 week may not be sufficient to reliably indicate a child's true average activity level. However, this error is mostly random and therefore tends to lead to an underestimation of the true effect of activity. CRF is less variable than PA and is therefore used as a surrogate of PA. To assess CRF, we used the 20 m shuttle run. Compared with a bicycle test, this test could penalise obese children, as the shuttle run test is a weight-bearing activity. This could lead to an overestimation of the relationship between CRF and obesity measures or cardiovascular risk factors. However, analysis of the same relationships in children of normal weight did not alter our results (data not shown). In addition, the associations between the shuttle run test and outcome measures were not modified by weight status (data not shown). The strengths of the study are the random selection of the study population, the high participation rate of 94%, consideration of important behavioural confounder parameters and the inclusion of novel explanatory factors (neighbourhood environment).
In summary, we found that, in a population-based sample of schoolchildren, reduced CRF and PA were associated with obesity and an increase in insulin resistance and the metabolic risk score, independently of each other, sociodemographic and nutritional parameters, media use and sleep duration. Because of the independent and separate associations of PA with metabolic risk factors, PA may reduce cardiovascular risk regardless of CRF. These findings could have substantial public health implications, as it may be easier to increase PA than CRF. Based on our results, being fit or physically active may not only reduce obesity, but also decrease metabolic risk markers by effects that go beyond simply reducing obesity.
Living in an urban area was independently associated with lower PA, decreased CRF and increases in insulin resistance and the metabolic risk score, regardless of CRF, total PA and BMI. Thus several strategies aimed at improving cardiovascular health in children, each with a different target parameter, such as increasing CRF or PA or adapting the neighbourhood environment could be employed in parallel.
